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6XFKDPDFKLQHLVVLJQLILFDQWO\GLIIHUHQWIURPWKHGHVFULSWLRQLQWKHERRNRI$.XEtN2XUFRQFHSWUHVXOWV
IURP GLSORPD WKHVLV WKDW LV VWDWHG LQ WKH UHIHUHQFHV ,Q WKH ILUVW FKDSWHU ZH ZLOO VKRZ KRZ WKH FRQFHSW RI WKH
PHFKDQLVPZDVGHYHORSHG%DVHGRQWKHFUHDWHGPHFKDQLVPZHZHUHDEOHWRVHHDQGFRQFHSWXDOL]HWKHFRQWUROOLQJ
RIWKHURERWLQWKHYLUWXDOHQYLURQPHQW
'XULQJ GHYHORSPHQW ZH HQFRXQWHUHG VHYHUDO SUREOHPV WKDW ZLOO EH PHQWLRQHG LQ WKLV DUWLFOH IROORZHG E\ WKH
SRVVLEOHVROXWLRQVZHUHDFKHG







RQDQHVVHQWLDOSDUWRI WKLVSURMHFW WKDWZHKRSH WRXWLOL]H LQ WKHZRUNZLWK WKHSK\VLFDO URERW7KLVSDUW LVEHLQJ
GHYHORSHGSDUDOOHOZLWKWKHNH\DSSOLFDWLRQDQGVKDOOEHXVHGDVDVRIWZDUHSDFNDJHIRUIXUWKHUVWXG\7KHSDFNDJH
WKDWZLOOEHSURGXFHGVKDOOEHXVHGDVDQLQIHUHQFHPHFKDQLVPIRUWUDQVSDUHQWLQWHQWLRQDOORJLFILQHO\HODERUDWHGLQ





LVXVHG WRSURYLGHILQDOPRWLRQRI WKHURERWERWK LQUHDODQGYLUWXDOHQYLURQPHQW7KLVPHFKDQLVPLVGHVFULEHG LQ
GHWDLOLQ/0DPXOD
2.1 The description of cooperative mechanism 
,Q RUGHU WRGHVFULEH FRRSHUDWLYHPHFKDQLVPZHZLOO XVH)LJ 2Q WKLV)LJZH FDQ VHH VLPSOH WRSRORJ\ WKDW
FRQVLVWVRIWZRFRPSXWHUV7KHW\SHRIFRPSXWHUVLVQRWRIVLJQLILFDQWPHDQLQJIRURXUSXUSRVH:HXVH0LFURVRIW
RSHUDWLRQV\VWHPGXHWR WKHIDFW WKDW WKHDSSOLFDWLRQLVZULWWHQLQ-DYD6(+RZHYHURWKHUSODWIRUPVDUHSRVVLEOH
7KHZKROH WRSRORJ\FRXOGEH LQFDVHRIPRWLRQVLPXODWLRQGHVLJQHG LQYLUWXDOHQYLURQPHQWDOVRDVDSHHUWRSHHU
PRGHO :H ZLOO EH QRZ PRYLQJ WRZDUGV WKH H[SODQDWLRQ RI FRRSHUDWLYH PHFKDQLVP :H GR QRW XVH JHQHWLF
DOJRULWKPVLQRXUPDFKLQHDVLWZDVLQWKHERRNE\$.XEtN,QRXUFDVHZHIRFXVHGRQRQHRIPDQ\HFRQRPLFDO
PHFKDQLVPVZLWKFRQVLGHUDWLRQRIWKRXJKWVRI)YRQ+D\HN
:H FKRVH WKH VXSSO\ DQG GHPDQG WKHRU\ RQ WKH MRE PDUNHW DV D FRRSHUDWLYH PHFKDQLVP :H PRGLILHG WKH
PHFKDQLVP IRU RXURZQSXUSRVHV8VLQJ VXFKPHFKDQLVPVZHKDYH FUHDWHG LQWHUQDO SURFHVVHV WKDW DOORZXV IUHH
PRYHPHQWZLWKRXUURERWLQWKHVFRSHRI'VSDFH
)LJ  GHVFULEHV WKH ZKROH PHFKDQLVP DQG GXH WR WKH IDFW WKDW WKH PHFKDQLVP LWVHOI KDV EHHQ GHVFULEHG LQ
SUHYLRXV DUWLFOHV ZH ZLOO GHVFULEH WKLV PHFKDQLVP UDWKHU EULHIO\ ,Q WKH QH[W FKDSWHU ZH ZLOO EH DEOH WR VHH DQ
HTXLOLEULXPGLDJUDPWKDWZLOOLOOXVWUDWHWKHZKROHPHFKDQLVP
&RRSHUDWLYHPHFKDQLVPLVFUHDWHGLQWKHZD\RIUHZDUGVDQGSXQLVKPHQWV$WWKHEHJLQQLQJWKHPDQDJHULDODJHQW





$ORQJ ZLWK DOUHDG\ GHVFULEHG SURFHVVHV WKH DSSOLFDWLRQ LV ODXQFKHG FRQFXUUHQWO\ RQ WKH VHFRQG 3& 7KLV
DSSOLFDWLRQUHSUHVHQWVVROXWLRQDJHQWV,QWKLVSKDVHWKHGHIDXOWZHDOWKLVDVVLJQHGWRLQGLYLGXDODJHQWV
2QFHZH FUHDWHG WKH SULFH IRU WKH MRE WKHPDQDJHULDO DJHQW FKHFNVZKHWKHU VROXWLRQ DJHQWV DUH VLJQHG LQ 7KHVH
DJHQWVZLOOZDQWWRDFTXLUHWKHRIIHUHGMRE7KHVROXWLRQDJHQWVIURPWKHFRQFXUUHQWO\UXQQLQJDSSOLFDWLRQUHSRUWWR
WKH PDQDJHULDO DJHQW DQG VWDWH WKHLU SULFH WRJHWKHU ZLWK QDPH WKDW WKH\ UHTXLUH IRU VXFK D MRE 7KH SULFH LV
HVWDEOLVKHGEDVHGRQPRUHLQIRUPDWLRQ
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7KHSULFHUHTXLUHGE\VROXWLRQDJHQWVLVEDVHGRQDFWXDOZHDOWK$VZHPHQWLRQHGEHIRUHWKHVROXWLRQDJHQWVDV










ODFN RIZHDOWK LQPDQDJHULDO DJHQW VKRZV LQ D VLWXDWLRQ WKDW WKH URERW VWRSVZRUNLQJ GXH WR DEVHQFH RI HQHUJ\
$QRWKHUSURFHVVLVOLQNHGWRWKLVVLWXDWLRQ,WLVDWUDQVLWLRQWRWKHVWDJHIRRG7KHURERWWXUQVLQWRWKHVWDWHIRRGRQO\








2.2 Knowledge base with a usage of fuzzy logic 
,QWKLVFKDSWHUZHZLOOIRFXVRQIX]]\ORJLFWKDWKDVEHHQDOUHDG\HODERUDWHGLQWKHDUWLFOHSXEOLVKHGDV/0DPXOD









:H KDYH XVHG -DYD OLEUDU\ M)X]]\/RJLF IRU RXUZRUNZLWK IX]]\ ORJLF'HWDLOHG GHVFULSWLRQ RI WKLV OLEUDU\ LV
DYDLODEOHRQWKHZHESDJHVZKHUHGRZQORDGRIWKLVOLEUDU\LVDOVRSRVVLEOH8VLQJWKLVOLEUDU\ZHKDYHPDQDJHGWR
FUHDWH UXOHV IRU RXU V\VWHP ,QVHSDUDEOH SDUW RI WKH FUHDWLRQ RI WKH NQRZOHGJHEDVH DQG IX]]\ ORJLF LWVHOIZDV WR
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+D\HNPDFKLQHDQG.KHSHUD,9
,Q WKLV FKDSWHUZH ORRN DW VHYHUDO LPDJHV RI HTXLOLEULXPGLDJUDPV DQGZHZLOO JR WKURXJK WKH FXVWRPL]DWLRQ
QHFHVVDU\IRURXUFRRSHUDWLYHPHFKDQLVPWREHXVHGIRUWKHFRQWURORIURERWVRIWKH.KHSHUD,9W\SH7KHILUVW)LJ
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3.1 Khepera IV 












3.2 Environmental model  
7KHDEVHQFHRIWKHHQYLURQPHQWDOPRGHOLQRXUSURMHFWKDVDOUHDG\EHHQPHQWLRQLQFKDSWHUVDERYH7KLVDEVHQFH
LVQRWEHFDXVHZHGRQRWZDQW WRGHDOZLWK WKLV WKHPH ,W LV WKHH[DFWRSSRVLWH7KHVFRSHRI WKH VROXWLRQRI WKLV
SUREOHP LV UDWKHU FRPSOLFDWHG VR ZH KDYH GHFLGHG WR GLYLGH LW 7KH GLYLVLRQ LQWR WZR SDUWLDO VXESURMHFWV ZDV
QHFHVVDU\$QGEHFDXVHZHDUHQRWKLQJEXWFRZDUGO\VHHPLQJYLUJLQVWKDWRIWHQGHYRXUIUHVKO\VKDYHGSXELFKDLUZH
KDYHGHFLGHG WR IRFXVRQRQH VROHSUREOHPZKLFK LV WKHFRRSHUDWLYHPHFKDQLVP7KHQHFHVVLW\RIHQYLURQPHQWDO
PRGHOZDVQRWRIVXFKLPSRUWDQFHDOVRGXHWRWKHIDFWWKDWZHKDYHVLPXODWHGWKHPRYHPHQWRIWKHURERWLQDUWLILFLDO







ZDV QRW DOORZHG EH\RQG GHILQHG ERUGHUV HYHQ LQ WKH QHZ VROXWLRQ WKH HQYLURQPHQWZLOO EH UHJXODWHG WR DQ DUHD
GHILQHGE\XQLWVRIGLVWDQFHFPP,IWKHURERWPDSVWKHZKROHDUHKHVWRUHVWKHFHUWDLQDUHDLQPHPRU\2QFHRXU















3.3 Cooperative mechanism adaptation  
:HKDYHSUHVHQWHGPDQ\XVHIXOLQIRUPDWLRQDERXWWKHFRRSHUDWLYHPHFKDQLVPWKDWZHXVHLQRXUSURMHFWLQWKLV
DUWLFOH VR IDU :H ZLOO IRFXV LQ WKLV FKDSWHU RQ WKH VSHFLILF DGMXVWPHQWV RI WKLV PHFKDQLVP UDWKHU WKDQ IXUWKHU
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H[SODQDWLRQRIWKHPHFKDQLVPLWVHOI$OODGMXVWPHQWVVHUYHWKHSXUSRVHWRDGDSWRXUDSSOLFDWLRQWRWKHFRQWURORIWKH
SK\VLFDOURERWQRWWKHURERWLQWKHVLPXODWRU
7KH PRVW LPSRUWDQW PRGLILFDWLRQ RI RXU PHFKDQLVP LV WKH PRYHPHQW RI WKH URERW 7KH URERW PRYHG LQ WKH
VLPXODWRUZLWKLQWKHVSDFHGHILQHGE\FRRUGLQDWHV,QUHDOVSDFHWKLVRSWLRQLVQRWSRVVLEOH+HUHLQZHPXVWUHSODFH






























LQIRUPDWLRQ WKDW URERWVPD\EHSURJUDPPHG LQDQ\ ODQJXDJH7KHFRPPXQLFDWLRQ LV VGRQH WKURXJKSUHGHVLJQHG
FRQVHFXWLRQRIFRPPXQLFDWLRQ




KDQG LQ KDQG ,W LV SRVVLEOH WR UXQ VHYHUDO FRQWUROOLQJ DSSOLFDWLRQV RQ VHYHUDO GHYLFHV ZKLOH HDFK FRQWUROOLQJ
DSSOLFDWLRQZLOOPDVWHURQO\GHILQHGVHWRIURERWV7KLVUHVXOWZHFDQDFKLHYHKRZHYHUWKHLGHDJRHVIXUWKHU,IZH
885 Lukáš Mamula /  Procedia Earth and Planetary Science  15 ( 2015 )  878 – 885 
FUHDWHDQDSSOLFDWLRQDEOHWRFRQWURODGHILQHGVHWRIURERWVZHZRXOGDOVROLNHDGLVWULEXWHGGDWDEDVHRINQRZOHGJH
7KLVEDVHRINQRZOHGJHZRXOGH[SDQGWKURXJKWKHGDWDFROOHFWLRQE\HDFKURERW5RERWVZRXOGVHQGQHZVLWXDWLRQV




7KLV LGHD FDQ EH XVHG DOVR LQ WKH FRPPHUFH DUHD 7KHPDLQ SUREOHP RI WKLV LGHD LV WKH FRPPXQLFDWLRQ WKURXJK









:H VKDOO HYDOXDWH WKH LQIRUPDWLRQ JDLQHG LQ WKLV DUWLFOH ,Q WKH ILUVW SDUW RI WKH DUWLFOHZH KDYH UHPLQGHG WKH
FRRSHUDWLYHPHFKDQLVP VHOHFWHG IRU RXU SURMHFW 7KLVPHFKDQLVPZDV GHVFULEHGZLWK UHIHUHQFH WR HDUOLHU VWXGLHV
IRFXVHGRQWKHFRRSHUDWLYHPHFKDQLVPGLUHFWO\:HKDYHPHQWLRQVWKHIX]]\ORJLFEHLQJXVHGLQRXUSURMHFWZLWK
FRSURGXFWLRQRI-DYDOLEUDULHV
1H[W SDUW RI WKLV DUWLFOH IRFXVHGRQ WKH GHVFULSWLRQRI WKH SK\VLFDO URERW WKDWZH DUH JRLQJ WRZRUNZLWK:H
IRFXVHGRIWKHGHVFULSWLRQDQGSRVVLELOLWLHVRIWKHHQYLURQPHQWDOPRGHO)LQDOO\LQWKLVDUWLFOHZHKDYHH[SODLQHGWKH
ZD\ZHXVHWKHFRRSHUDWLYHPHFKDQLVPLQRUGHUWRFRQWUROWKHURERW
/DVWSDUWRIWKLVDUWLFOHLVIRFXVHGRQWKHSUDFWLFDOXVDJHRIRXUUHVHDUFK$VLWZDVYLVLEOHWKHFXUUHQWSRVVLELOLWLHV
DUHUDWKHUOLPLWHG+RZHYHUZHEHOLHYHWKDWGXULQJWKHGHYHORSPHQWRXUV\VWHPJDLQVPRUHFRPSOH[IRUPWKDWZLOO
EHDEOHWRFRPSHWHZLWKRWKHULQVWUXPHQWVRIURERWFRQWUROWKDWDUHDOUHDG\RQWKHPDUNHW$VLWZDVPHQWLRQHGLQWKH
EHJLQQLQJWKHSURMHFWLVVWLOOLQPRWLRQ,WLVYLWDOWRFRQVLGHUWKHDGYDQFHPHQWLQGHYHORSPHQWRUSRVVLEOHFKDQJHRI
FRXUVHLQGHYHORSPHQWLWVHOIZKLOHUHDGLQJWKLVDUWLFOH

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